tion.
Pseudomonads are widely distributed in soil and surface waters and are known for their catabolic versatility. The enzymology and regulation of many of their catabolic pathways has been extensively studied (5) . Considerable interest has been shown recently in complementing these physiological studies with genetic analysis (1) . Such an analysis requires the isolation of stable mutant strains, which are blocked in various steps of biochemical sequences.
Ornston et al. (6) reported a procedure for isolation of spontaneous mutants of Pseudomonas putida, which described a selection method requiring at least three "lytic cycles," each consisting of harvesting cells, treating with z-cycloserine and penicillin G for 4 to 6 h, harvesting, washing, and resuspending, allowing an overnight growth period, and then repeating the cycle. After three lytic cycles, mutants were found at a frequency of about 1%.
Gaudy and White described methods for the isolation of mutants of Pseudomonas aeruginosa (Abstr. Annu. Meet. Am. Soc. Microbiol. 1972, G180, p. 60). They reported an increased efficiency of selection by a second addition of the antibiotic D-cycloserine to the selection medium and decreased aeration, followed by plating on solid medium containing a poorly utilized carbon source. This note reports a procedure which is a combination of N-methyl-N'-nitro-N-nitrosoguanidine mutagenesis with an improved method of selection modified from the Gaudy and White procedure.
(A preliminary report of this work was presented at the Annual Meeting of the Genetics Society of America, Bloomington, Ind., August
1974.)
The minimal medium used throughout the ' Present address: Department of Microbiology, Indiana University Medical Center, Indianapolis, Ind. 46202. isolation procedure was a modification of Hutner's mineral base (2) for the cultivation of pseudomonads (3). Solid medium was prepared by incorporation of 1% (wt/vol) Ionagar no. 2S (Wilson Diagnostics Inc.). Plates for the visual identification of auxotrophs were prepared by including DL-histidine at a final concentration of 0.25 ,ug/ml and fructose at a final concentration of 0.2%, autoclaved and added separately to the minimal medium. Luria broth (L-broth; 4) was the complete medium used in this study. Stock solutions included: i-cycloserine (6.6 pg/ml; Sigma Chemical Co.), 0.1 M citrate buffer (pH 5.5), and N-methyl-N'-nitro-N-nitrosoguanidine in citrate buffer (2.5 ug/ml). The mutagenesis and selection procedure is outlined in Table 1 .
It was found that the efficiency of enrichment was greatly increased by addition of a poorly utilized carbon source (fructose), decreased aeration, and successive additions of the antibiotic u-cycloserine at 6, 8, and 11 h, followed by dilution and plating at 24 h. Visual identification of auxotrophs as small colonies on minimal medium, including fructose, was achieved by addition of a growth-limiting amount of histidine. The use of a poorly utilized carbon source in the visual identification medium was reported by Gaudy and White to reduce loss of auxotrophs due to residual effects of the D-cycloserine (Abstr. Annu. Meet. Am. Soc. Microbiol. 1972, G180, p. 60). Colorimetric measurement of the D-cycloserine concentration in the medium during selection was performed by measuring hydroxamic acid formation. These measurements indicated that the successive additions resulted in a gradual increase in concentration of the antibiotic in the medium. This procedure has been used successfully for the isolation of auxotrophs of P. putida ATCC 12633. A reconstruction experiment was per- 1 Divide the exponential culture in half and wash by centrifugation (10 min, 3,440 x g) and resuspension in minimal medium. Resuspend each in 4.9 ml of citrate buffer. Add to each 0.1 ml of NTG for 30 min and centrifuge (3,440 x g) for 15 min. Wash each, as before, twice with minimal medium and resuspend in 5.0 ml of L-broth. Divide each into 0.5-ml aliquots and add 0.5 ml of Lbroth. Incubate overnight. subjected to the selection procedure. Upon plating, it was determined that his-cells, which gave rise to small colonies when compared with the wild-type, were present in a ratio of 102:1, resulting in an enrichment of at least 106-fold. The mutagenesis and selection procedure described has been very successful in our laboratory and involves much less time and manipulation than procedures currently being employed. This procedure may have utility for other species of Pseudomonas and for isolation of mutants blocked in catabolism and may have potential for the isolation of mutant strains of other genera. 
